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INTRODUCTION 
The effect of environmental temperature on body temperature serves 
as a basis of classification for all members of the animal kingdom. On the 
one hand there is that phylogenetically primitive group, the poikilotherms, 
whose body temperature is solely dependent on the temperature of the environ-
ment. As the environmental temperature rises or falls, so rises or falls t he l 
body temperature. The remaining group, the homeotherms, have the ability to 
regulate body temperature, to keep it constant in the face of wide, but 
nevertheless, limited variation in the temperature of the environment. 
It is this latter group in which we are interested. More particu-
l arly v1e are interested in the adjustments or attempted adjustments made by 
hese homeotherms, when subjected to an extremely cold environment, an en-
ironment which is capable of overcoming their temperature regulating mechan-
sms. Hypothermia is an abnormally low body temperature which results from 
an inability to maintain or restore normal body temperature. In this con-
~tion heat production fails to keep pace with heat loss and body temperature 
pproaches that of the environment. 
From a practical standpoint the importance of a study of hypotherm-
a is apparent. Accidental exposure to extreme cold is not uncommon even in 
11 eace time. In time of war its frequency is greatly increased. The large 
I umber of casualties resulting from cold exposure during the last war has 
lrompted the armed forces to sponsor extensive research programs aimed chien 
t devising better resuscitating and protective measures. 
I herefore attaches further importance to a purely academic study of hypotherm 
~a. Fund~~ental research is of the utmost importance in attempting to solve 
11 uch a problem. 
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The study of the pathologic physiology of the hypothermic dog 
carried out in this laboratory for the past several years has been directed 
toward contributing to scientific understanding of the hypothermic state. 
The work presented here is but a small part of the study and was undertaken 
to help bridge one of the larger gaps in our knowledge of hypothermia. The 
object of this study was to make a simple and direct investigation of the 
intracellular and extracellular water content of several tissues in the 
hypothermic dog, to discover whether water shifts occur, and the magnitude 
of these shifts if they do occur. 
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Body Water 
Compartments: 
The animal body may be accurately considered as a complicated 
aggregation of highly specialized cells existing in a wate:rymedium. Any 
part of the substance of the body must therefore be either intracellular or 
extracellular. 
The extracellular component of the mammalian body has several 
subdivisions. The two principal subdivisions are the interstitial and 
intravascular phases. The interstitial phase is that part of the extra-
cellular substance which is found between the cells and the outside of the 
vascular vessels. The intravascular phase is that part of the extracellular ! 
substance always found vd thin the blood vessels. In addition to the 
interstitial and intravascular phases there are several minor subdivisions 
of extracellular substance, e.g~, synovial fluid, cerebrospinal fluid, and 
intraocular fluid, but these will be omitted from further discussion. 
Separating the intracellular space from the extracellular space is 
a semipermeable cell membrane. Between the interstitial and intravascular 
phases is the likewise semipermeable endothelial vascular membrane. These 
membranes are selective as to the organic and inorganic solutes allowed to 
pass. They are, however, completely permeable to water, the universal 
medium of all bodily processes. For these reasons the composition of the 
three phases varies extensively but the total concentration of water is the 
same throughout all parts of the body . The intracellular fluid has potassiurr 
I 
as its chief cation with bicarbonate, protein and organic phosphate as its 11 
chief anions. Sodium is the chief cation of the interstitial and intravascu-
lar spaces. Chloride and bicarbonate are the chief anions of these spaces. 
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Hydrostatic Pressure and Osmotic Pressure: 
There are two types of force involved in any transfer of fluid fro 
one compartment to another. They are hydrostatic pressure and osmotic 
pressure. Hydrostatic pressure is the pressure exerted by a fluid due to 
a mechanical force acting on the fluid. Thus the hydrostatic pressure 
vdthin the blood vessels is due to the contractions of the heart. That of 
the interstitial and intracellular spaces is due to distention of the tis-
sues. Under normal conditions the hydrostatic pressures of the intra-
cellular and interstitial spaces are 'quite small in comparison wit~ the 
hydrostatic pressure of the blood. The difference between two opposing 
hydrostatic pressures is called the effective hydrostatic pressure. 
Osmotic pressure is not so easily defined. Peters (22) defines 
it as the expression in solutions of the same phenomenon which gives rise 
to pressure of a gas and obeys comparable laws. A gas in a non-rigid 
container can relieve its pressure by expanding its volume and that of the 
container. A solution in a non-permeable container cannot change its 
volume regardless of pressure. But if contained in a semipermeable mem-
brane its volume will change as the solvent passes the membrane. Thus a 
high pressure can be relieved by the passing of solvent into the solution. 
The force with which a solution so tends to relieve its pressure is the 
osmotic pressure. 
The osmotic pressure of a given solution is a function of the 
total number of osmotically active particles of solute in the solution. 
Osmotically active particles are those which are restrained by the barrier 
within which they are contained. They are non-diffusible, unable to 
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distribute themselves evenly on both sides of a given barrier, and thereforE 
they contribute to the osmotic activity of the solution. The resulting 
osmotic pressure follows the equation: 
in which: p is the 
n is the 
R is the 
T is the 
v is t he 
p 
pressure, 
number of 
= nRT 
v 
osmotically active 
proportionality constant, 
absolute temperature, 
volume. 
particles, 
A semipermeable membrane is one which is permeable to solvent in 
every case. Degrees of semipermeability refer to the extent to which the 
membrane is permeable to solutes. Some membranes are semipermeable by 
virtue of the size of their 11 pores 11 in relation to the size of molecules. 
The vascular membrane is characteristic of this type. It is relatively 
impermeable to protein but co~pletely permeable to all other constituents 
of plasma. Therefore the plasma protein concentration alone determines 
the effective osmotic pressure across the vascular membrane. 
Other membranes are selectively permeable to ions because of t he 
charge on the ions in relation to the charge on the membrane. Cellular 
membranes are in general -of this nature. Such membranes are impermeable 
to certain ions as well as protein. Thus the effective osmotic pressure 
across the cell membrane is determined mainly by the concentrations of 
these non-diffusible ions and to a lesser extent by the concentrations of 
proteins. 
I 
! 
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Transfer of Fluid: 
It is generally accepted that transfer of fluid across the endo-
thelial vascular membrane takes place according to Starling's theory. ~ben 
the effective hydrostatic pressure across the membrane exceeds the effectiv 
osmotic pressure, fluid passes from the vascular to the interstitial space. 
In the reverse condition fluid passes from the interstitial space to the 
vessel. At the arterial end of a blood capillary the first condition is 
true. At the venous end the second condition holds. 
1~en considering the passage of fluid from the interstitial space 
to the intracellular space, the hydrostatic pressure of these spaces be-
comes negligible. The transfer of fluid across the cell membrane depends 
solely upon the osmotic pressures. The effective osmotic pressure is the 
one measurable, universally active force in such transfer. 
Computation of Chloride Spa.ce: 
Since the vascular membrane is impermeable only to protein, blood 
plasma differs from interstitial fluid only in its protein content. All 
other solutes (including inorganic chloride) are present in equal concen-
trations in both spaces. With the exception of slight traces v.ri thin the 
cells of a few tissues all inorganic chloride is extracellular. Overton (20 
was the first to offer evidence in support of this view. He perfused frog 
hind limbs with isotonic glucose by way of the abdominal aorta. Perfusion 
for only a few minutes washed out all the chloride from the muscle leaving 
the potassium concentration almost unchanged, thereby indicating that t he 
potassium was behind a bar rier beyond which the glucose could not reach, 
whereas the chloride was not. Fenn, Cobb and Marsh M have shown that 
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muscles placed in isotonic sugar rapidly lose all their chloride through 
the permeable perimysium. Since glucose cannot enter muscle cells, it can 
1 replace only extracellular solutes. 
Another observation of Fenn, Cobb and Marsh ~) lends some support 
to this contention. They have shown that if all the chloride of frog 
muscle were confined in 14.7% of the total muscle, the chloride concentra-
tion in the muscle would be equal to the chloride concentration in the 
plasma. This 14.7% agrees very closely with the minimum volume of inter-
stitial space observed histologically. Moreover all analyses of extra-
cellular fluid, such as synovial, cerebrospinal, intraocular and edematous 
fluid, show a concentration of chloride equal to the chloride concentration 
of the plasma. 
The volume of interstitial space can be quite accurately estimated 
by the ratio of muscle chloride to plasma chloride. The following is the 
formula: 
F = (Cl) m X 1000 
(0.99/0.95)(Cl)s 
Where: (Cl)m is the concentration of chloride in the muscle, 
(Cl)s is the concentration of chloride in the plasma, 
0.99/0.95 is the Gibbs-Donnan factor, 
F is the vol ume of chloride space. 
Under ideal conditions, i.e., absolutely no chloride ~uthin the 
cells and no blood in the tissue, the computed chloride space would exactly 
equal the interstitial space. Inasmuch as ideal conditions do not exist 
we ·emphasize that our measurements are of nchloride spacelf. However, the 
space shall be henceforth referred to as "extracellular space. 11 
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Literature 
Very little experimental work has been done on water distribution 
in hypothermia . Isolated clinical observations have been reported but the 
first and only experimental study of this question was reported by Barbour, 
McKay and Griffith in 1943. 
Several clinicians , notably Woodruff (32) and Talbott (29) have 
reported edema of the ltings in patients dying of hypothermia. 
Smith and Fay (26) reported occasional hemoconcentration in cancer 
patients -whose deep rectal temperature ranged from 74° F. to 90° F. (23° C. 
to 32° C.). Woodruff (32) followed the specific gravity of whole blood in 
6 dogs subjected to hypothermia. He found a generally sharp rise for the 
first few minutes of cooling reaching a plateau which was maintaine d to 
terminal temperature. This was usually around 20° C. Lil<:ewise, Barbour 
and Gilman (2) reported an increase in serum specific gravity under the in-
fluence of cold . 
Talbott, Consolazio and Pecora (30) observed tissue water changes 
in hypothermia. They reported a total water percentage belov1 the average 
found in normal autopsy subjects in muscle, liver, kidney and brain but 
a higher water percentage in heart muscle. They also f ound a concentration 
of sodium below average in all t he organs rnentioned. This led them to 
believe that there was a generalized decrease in extracellular water in 
these victims of hypothermia. 
The study of 'Nater shifts in deep hypothermia r eported by Barbour, 
McKay and Griffith (3) consisted of three parts: 
(1) lJonkeys were wrapped in half-inch coiled tubing through which 1 
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7o C. water circulated. In this way they were chilled to 23° C. 
(2) Rats were exposed to a cold room (3° to 4° C.) for one hour, 
conf i ned only by individual cages. Thus they vrer e free to move . about during 
t he exposure. 
(3) Another group of rats was .. chilled in a manner sjmilar to the 
monkeys. 
In the monkeys chilled to 23o C. these authors found an initial ris b 
in serum protein of 5.1% of the normal level and in serum chloride of 4.1% 
of the normal. This was followed by a fall in protein and chloride which 
persisted to the end of chilling . Rewarming augmented the fall so a s to 
result in a maximum decrease of S% of t he normal in protein and 2.7% of 
t he normal in chlori de. 
The fre e rats, cooled t o an average rectal temperature of 22.4° c., 
showed a.n increase in serum protein and serum chloride. The intracellular 
wat er content of the liver, muscle, brain and minced body remainder also 
i ilCreased. 
The rats, which were chilled by coil, cooled to an average rectal 
temperature of 18.9° c. The serum protein, serum chloride ru1.d intracellular 
water of these r ats were above normal but lower than those of the other grou ' . 
Barbour, McKay and Griffith reported shivering in the early stages 
of cold exposure. When the rectal temperature was cooled to about 30° c., 
a marked increase in metabolic rate was observed. As the body temperature 
fell to 18-20° c. muscular relaxation became more and more conspicuous and 
eventually was complete. At this stage the metabolism was greatly reduced. 
Those rats which were allowed to cool to 16° C. showed a metabolic rate 
about 40% below normal. These same rats frequently showed considerable 
edema of the face, eyelids and jaws. 
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It is unfortunate that Barbour, McKay and Griffith did not design 
their experiments so as to cool the rats to a uniform temperature or to 
several uniform temperatures. They established no definite temperature to 
which t he rats were cooled. As a result one group was exposed for one hour 
and sacrificed. This group averaged 22.4° C. Another group, chill:ed by 
coils, was sacrificed at an average temperature of 18.9° C. The experimen-
ters were interested i n the method of cooling more than in the degree of 
cooling. Even so, the methods were not so different as to constitute a 
control of any particular var iable. 
Procedure 
The study of water distribution in hypothermia reported here 
was made on a random group of healthy dogs ranging from 6 to 12.6 Kg., the 
majority weighing between 8 and 10 leg. Several dogs were used in trial or 
practice experiments in order to develop surgical procedures and chemical 
techniques. Eight dogs were used as controls. Seven were cooled to a deep 
rectal temperature of 28" C. Nine were cooled to 20° C. 
Sodium pentothal (5% solution) was administered intravenously to 
each dog . Such an anesthetic was necessitated by the subsequent surgery and 
stress to which t he animal was to be subjected. Both common carotids were 
cannulated. Those of the experimental animals ·were fitted with through-and-
through cannulae. Through one such cannula mean blood pressure was followed 
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on a mercury manometer. Through the other cannula additional pentothal 
could be administered as needed until cold narcosis was complete. All 
experimental animals were prepared for continual electrocardiographic re-
cordings using the standard limb leads • Likewise each experimental animal 
was equipped with a rectal thermocouple inserted to a depth of 10 em. The 
rectal temperature was thereby recorded continually on a Leeds-Northrup 
Speedomax Recorder. Usually 30 to 45 minutes elapsed between the initial 
administration of anesthetic and the immersion of the preparation. 
After preliminary control records were taken, the experimental 
preparations were lowered into an iced bath of approximately 5° C. Immer-
sion was such that only the head, neck and ventral portion of the thorax 
remained above wate·r. Throughout the immersion periodic observations were 
made. These included rectal temperature, blood pressure, pulse rate, 
respiration and electrocardiograms. The onset, degree and end of shivering 
and allied muscular activity was continuously UL~der observation. It should 
be pointed out that the degree of shivering varies with depth of anesthesia. 
However, previous work done in this laboratory has shown that under this 
general procedure reflex shivering in the immersed dog begins within a few 
minutes, increases in intensity, reaches a maximum and remains at that 
maximum until the dog has reached 29-27° C. An arbitrary system of classi-
fying the intensity of shivering has been devised. This method ascribes 
plus signs to the shivering. One plus indicates slight shivering; tYvo 
plus, moderate shivering; three plus, strong shivering; and four plus, 
very strong shivering. 
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Hegnauer and Penrod (17) have plotted the temperature relationships! 
among the rectum, shoulder, thigh and other parts of the immersed dog. The 
temperature of shoulder muscle remains rather close to the rectal tempera-
ture. Thigh muscle, however, cools much more rapidly than the rectum and 
at any given time is considerably colder than the rectum or shoulder. The 
results are plotted in figure 1. 
In the control experiments a 30 minute interval was permitted to 
elapse between initial administration of anesthetic and removal of tissue 
for analysis. This was to allow time for recovery from any water shift 
induced by the anesthetic. This interval also corresponded to the elapsed 
time between anesthetization and immersion of the experimental animals. 
When the dogs had cooled to the desired rectal temperature, blood 
samples were taken. The animals were removed from tre tub and, like the 
controls, they were completely exsanguinated from the carotids. Cardiac 
muscle was cut from the left ventricle in small pieces of 1/2 to 1 centi-
meter cubes. Pieces of liver were similarly dissected. Skeletal muscle 
was taken from the thigh and from the shoulder. The former represented 
the submerged musculatUre, while the shoulder muscle represented unimmersed 
musculature. It should be mentioned that extreme care was taken to eliminat 
as much connective tissue as possible from the dissected samples. The blood 
was centrifuged and plasma removed for chloride analysis. Hem.atocrits were 
also measured by centrifuging in Wintrobe tubes for 30 minutes at about 
2500 rpm. These procedures were carried out on the respective groups of 
dogs at normal te.rrperature, 2SO C. and 20o C. The 28° c. temperature was 
chosen in order to observe a possible influence of shivering on water 
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distribution, shivering being generally maximal at this temperature. 
Total water content of plas:rna, cardiac nruscle, liver, thigh and 
shoulder muscle was determined by dessication for 4B hours in an oven at 
B5-90 o C. 
The chloride content of these same tissues was determined by the 
direct open Carius method as modified by Sundermann and Williams (28). 
Knowing the chloride content of the plasma and of the various tissues, the 
extracellular space (chloride space) of the various tissues, was computed 
~scordiBg to the previously mentioned formula. 
Subtracting the extracellular water from the total water one 
arrives at a value for intracellular water. Thus total, extracellular and 
intracellular water was determined for the several tissues at the indicated 
temperatures. 
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Results 
Blood: 
In table 1 are listed hematocrits, plasma water and plasma cliLoride 
at normal temperature and at 28° and 2Cf C. The hematocrit increase is 
characteristic and has been frequently reported under conditions of hypo-
thermia (17, 23) and in cold stress in which no decrease in rectal tempera-
ture is observed (27). It is explained in part by a shift of plasma to the 
interstitial space and in part by splenic constriction, with emphasis on 
the former. Ther e is no marked change in plasma water in hypothermia. 
Although the difference observed at 2SO is statistically significant, it 
is rather slight. The failure to demonstrate a simultaneous increase in 
chloride concentration may be due to t he lesser accuracy of the chloride 
titration. 
Liver: 
The data for liver are contained in table 2. Individual variations 
are great owing to the difficulty in getting uniformly bloodless samples. 
Effort was made to remove excess blood by blotting the sections on filter 
paper. The varying amounts of blood remaining yield correspondingly 
variable extracellular and total water contents. This, however, does not 
explain the variability in intracellular water. 
Although one might anticipate some decrease in intracellular water 
on the basis of the glycogenolysis associated with hypothermia (5) and the 
conco~tant release of water (9), no significant shift was observed. 
TABLE 1 
HEMATOCRIT, PLASMA WATER AND PLASMA CHLORIDE IN 
THE NORMOTHERMIC AND HYPOTHER1HC DOG 
•.Rectal I Hematocrit I Plasma Plasma 
' 
To a! 'Hater Chloride /0 
% m~)liter 1 
•Control' 40.5 ± 5.0 
' 
92.7 ± 0.4 I 109.4 ± 6.6 
I 
I 
I 
28° C I 52.7 ± 5.3 I 91.5 ± 1.1 I ll0.2 ± 5.~} 1 . 
I 
20° C I 49.8 ± 12.4'. 92.6 ± 0.8"~· 111.8 ± 3 .ll~ I . 
' 
-l~ Differences from normal not statistically signif-
icant (random group means and t-test). 
12 a 
-------~========================================-=~=-========~======--
==--'-'=====-=-·- - - --- ·==-=-=-=-=--=--=-=-=-=-
TABLE Z 
CHLORIDE AND WATER CONTENT OF LIVER. IN THE 
NORMOTHER.1ITC AND HYPOTHERl\tliC DOG 
WATER gm./kg. 
% of total water in parenthesis 1. 
1
.Rectal 'Chloride '.Extra- 1Intra- I Total 
I To 'meq./kg . 'cellular 1.cell ular 
'· 1 Control 1 Z7 .6 ± Z.8 I ZZ9 ±19 .0 147Z ±19 .6 1701 ±l4.3 I 
I 
'(3Z.6) '· (67 .4) 
1 Z8° C • 1. Z8 .8 ± Z.6!- 1 Z33 ±19 .Z.H.481 ± Z3 . g.,~ t 7l4 ±20 .1*1 
'(3Z.6) •(67 .4) 
I zoo C. 130.3 ± Z/Y--'247 ±15.4-lH465 ± ZZ.0-lH 7ll ±9 • .2-)H 
'· (34. 9) 1.(65.1) 
-li- Differences from normal at zgo and zoo are not 
statistically significant (group means, t-t est). 
1Z b 
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Skeletal Muscle: 
As is evident from figure 1, the temperature of the un~~ersed 
shoulder is considerably higher than that of the immersed hind limb in 
immersion hypothermia. The former deviates only slightly from that of the 
rectum. In consequence shoulder muscle exhibits shivering and other spon-
taneous movement for longer periods than does hind limb muscle. This may 
be due to failure of conduction across the myoneural junction, in the hind 
limb muscles, or failure ~ithin the (cold) spinal cord. Muscle temperature 
as well as rectal are recorded in table 3 and 4 for more ready interpretatio 
of differences between immersed and non-immersed muscle. 
Examination of tables 3 and 4 reveals that no significant: altera-
tions in total water occur in hypothermic muscle regardless of degree of 
temperature depression. Extracellular water , however, is decreased sig-
nificantly (as determined by chloride analys i s), and intracellular water 
increases correspondingly, the latter value being obtained by difference. 
The water shift reaches its peak at about 28° in the shoulder and t he new 
values are then maintained to 20°. The muscles of the hind linm, removed 
and analyzed when the rectal temperat ure was 28°, are perhaps comparable 
to the shoulder muscles analyzed at a rectal temperature of 20° (see table 4 • 
The water shift into the cells is of the same order of magnitude as tha t see 
i n shoulder muscle, and appears to exhibit a reversal of that shift at still 
.tX At. 
lower temperatures. Barbour ,i3) reported very similar observations in rat 
skeletal muscle. He found a normal intracellular water content of 60.66% of 
the tissue weight. In rats at 22° C. this value was 63.74% and at 19° it wa . 
61.08% . The order of magnitude of maximal change in intracellular water in 
his rats agrees closely with that found in our dogs. 
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TABLE 3 
CHLORIDE AND WATER CONTENT OF SHOULDER MUSCLE (UNHll\lERSED) 
IN THE NORMOTHERMIC AND HYPOTHEPJ.UC DOG 
•Rectal 1Muscle •.Chloride 
t T0 1 T0 1 meq.jkg. 
WATER grn./kg. 
'% of total water in parenthesis 1 
I 
1Extra-
'cellular 
1
.Intra-
1cellula.r 
1 Total 
tControl1Control'l3.9 ±2.7 1 115 ±19.4 1 652 ±19.8 '767 ± 8.8 ' 
1
. (15.0) 1(85.0) 
1 28° C • 1 28 .5°C • 110.9 ±l.]}H . 88 ±10.4-lH 675 ±12 .3-lH 763 ±12.0 1 
1 (11.5) I ( 88.5) 
I 20° C. 1 20° c. 111.2±1.9*' 91±15.3*'678±13.5-lH769± 7.5 I 
I (11.8) 1.(88.2) 
-l~ Data at 28° and 20° are significantly different from 
normal (P (t) ~.05). 
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TABLE 4 
CHLORIDE AND HATER CONTENT OF HIND LTMB (DEMERSED) 
MUSCLE IN THE NORMOTHERJ~ITC AND HYPOTHERMIC DOG 
' Rectal ' Muscle '.Chloride 
' T° C. 1 T° C. 1.meq./kg. 
'· 
Water ~11./kg. 
1% of total water in parenthesis 
I 
1Extra- 'Intra- Total 
1cellular ' cellular 
'· 
1 Control'Control'14.~- ± 2 .3 'll9±18.h 1 632±12.3 1 751±15.2 
1 (15.8) 1 (84.2) 
f 28° C.' 20° C. 1.11.6 ±1.7·iH 93 ±16.9-l<~. 659 ±14.6-~·'753 ± 15.3 '· 
'· (12.3) '.(87.7) 
I I I I 
, 20° c.' 11° c .. ll2.9±1.5·~,102±12.3-l~;657±ll.l~<,759± 14.4, 
t(86.5) 
* Data at 28° and 20° are significantly different from 
normal (P ( t) .(. .05. 
13 c 
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Cardiac Muscle: 
The results for cardiac tissue are contained in table 5. The 
values for intra-and extra-cellular water at 20° differ significantly from 
the nor1nal, the extracellular water being less and the int racellular greate • 
At 28° a trend in that direction is evident, but the differences noted 
are not of a magnitude to be statistically significant. If the water shift 
were explicable on the basis of increased work, one would anticipate the 
greater deviation from normal to appear when shivering was ma.x:iJnal at which 
time the cardiac output is above normal (Penrod, unpublished). At 20° 
however, the minute output of the heart is reduced to 2fJ% of the normal 
and against a much lower blood pressure. Consequently the work of the 
heart is considerably less. The continual water migration into the 
cells at lower temperatures must therefore be explained on some basis 
other than work. 
-~ -- -·--=-=-=41===--=-=,-=-=-===-=-=-=·-=== 
TABLE 5 
CHLORIDE M'D WATER CONTENT OF HEART :MUSCLE Tit 
THE NORMOTHERMIC MTD HYPOTHERMIC DOG 
'Rectal '.Chloride 
1
. T° C. 1meq./kg. 
WATER gm./kg. 
'% of total water in parenthesis ' 
'Extra-
' cellular 
1Intra-
1.cellular 
1 Total 
1. 
1Control 126.2± 3 .0 1 216±16.7 1 558±15.5 1774± 3.9 1 
1. '· (Zl .8) I. (72.2) 
I 28° C •1 24.5 ±1.6*1199 ±14.8-;:·!573 ±13.5~H. 77l ±10.8*1 
1 (25.8) I (74.2) 
' 20° C. 1 23.6 ±3.1 1192 ± 26.6 1 584 ±22.2 1-777 ± 8.0 I 
1 (24.8) '(75.2) 
'· 
* Differences from normal at 28° are not statistically 
significant (group means, t-test). At 20° the 
differences from normal are significant (P(t)~.05). 
l4a 
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Discussion 
According to modern concepts of fluid transfer water shifts 
across a cell membrane in the intact animal depend mainly if not solely 
on the effective osmotic pressure across the. membrane. Therefore in seek-
ing an explanation for a shift of ·water into or out of cells, one must 
seek an explanation for an effective increase or decrease in osmotic pres-
sure within the cells. 
Analysis of the above data suggests that in hypothermia the in-
creased osmotic pressure responsible for water shifts into the cells of 
skeletal muscle is due to shivering. This increased activity gives rise 
to an increased production of metabolites at a time when their removal is 
slowed. As a result the concentration of osmotically active particles 
within the cells increases. Inasmuch as shivering is a neuromuscular 
Q1\LI ~
reflex, certain nervous factorsAapparentlyAinvolved in the movement of 
water into skeletal muscle cells. 
The literature has fairly well established the fact thatincreased 
activity of normothermic skeletal muscle, either intact or isolated, does 
result in an increased intracellular water content. 
~~ 
BarcroftA(4) stimulated dog skeletal muscle and observed such 
an increase. Fenn and Cobb (10) stimulated rat skeletal muscle via its 
motor nerve and found an increase in both intracellular and extracellular 
water content. The increased intracellular water content was attributed to 
increased osmotic pressure within the cells. The increased extracellular 
water content was probably "due to increased filtration of plasma resulting 
from increased capillary pressure. 11 Tipton (31) obtained similar results 
in cat skeletal muscle. Going one step further Fenn (8) subjected cats to 
16 
exhausting exercise and observed an increased water content of skeletal 
muscle. 
We realize that our experiments were not designed to prove the 
cause-effect relationship between shivering and increased intracellular 
water in hypothermia. However, the evidence is such as to warrant the 
suggestion of such a relation. If shivering does explain the initial 
shift in both types of skeletal muscle, the apparent reversal in t he hind 
limb muscle coincident with a prolonged period of quiescence acquires 
interest in another connection; i.e., that at these very low temperatures 
the circulation through the hind limbs is still adequate to restore the 
pre-shivering osmotic relationships by removal of the metabolites responsi-
ble for the initial water shift. 
Cardiac muscle offers something of a problem. The results in-
dicate a gradual but definite shift which is suggested at 28° and 
at 20° • The nature of the increased osmotic pressure resulting in the 
shift into the cells is not apparent. 
No significant change was observed in the liver. However, Barbour' 
hypothermic rats did exhibit a shift of water into the liver cells. It is 
rather difficult to account for this difference in exper~nental observations 
There may be a time factor tnvolved. The rats cooled to 23° C. in an 
hour. Our dogs cooled to 28° C. in one hour, and to 20° C. in about t wo 
hours. There may also be a species difference. But beyond these possible 
factors the difference must remain unexplained. A study of liver function 
in hypothermia, elucidating t he extent of hepatic activity, wotlld be of 
extreme interest. But lacking such direct measurements conclusions cannot 
be drawn. 
17 
As noted previously, hemoconcentration is a common observation in 
hypothermia. However, Rodbard et al. (23) observed only a slight increase 
in hematocrit and blood specific gravity, but a decrease in plasma volume 
of 3o% below the normal level. They suggest that in hypothermia there is 
a loss of plasma water to the intracellular compartment together with a 
11 storage of blood cells and plasma proteins. 11 Direct evidence of blood 
sequestration has not yet appeared. The evidence from measurements of 
circulating volume by the dye injection method (23) is suspect in the 
absence of other supporting data since the natUl~e and rnagnitude of circu-
lation through the various peripheral areas has not been studied. 
The data presented above yields no evidence of a large shift of 
plasma water into either interstitial or intracellular compartments. The 
increase in intracellular nruscle water is entirely at the expense of the 
interstitial water. The same is true of the heart muscle. No conclusions 
can be dra~m from the data on the liver because of the wide individual 
variations and the difficulty in obtaining samples uniformly free of gross 
blood. If plasma water shifted into intracellular compartments generally, 
one might expect to observe such an increase in erythrocyte water. 
Hegnauer (19) found no change in dog erythrocyte water at 30°, 25o, or 20° c 
l8 
Summary 
The total and extracellular water content of skeletal muscle, heart 
muscle, liver and plasma was measured in dogs at normal temperature and at 
deep rectal temperatures of 28° and 20° c. 
The observed increases in intracellular water in skeletal ru1d 
cardiac muscle are at the expense of the interstitial (chloride) space. 
The cells of the liver exhibit no significant change in water content. 
Plasma water (percentage ·wise) decreases slightly at 2£30 and 
returns to normal at 20° • 
There is no evidence from the data presented for a generalized 
increase in intracellular water at the expense of plasma water; nor that 
the hypothalamus exerts direct influence on water distribution in hypother-
mia. 
I 
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